Introduction
The papilla incisiva (papilla palatina) is a small protubernace located at the most anterior part of the hard palate just posterior to the incisors. The papilla develops from the primary palate (see Peter, 1925) ; it is innervated by the nasopalatine nerves, which traverse the nasal septum and reach the papilla through the incisive foramen.
The histological structure of embryonic, neonatal and adult human papillae was first detailed by Merkel (1891) . He stated that (1) termination of the nasopalatine nerves in the papilla was already known in the 18th century to several anatomists, (2) abundant Merkel cells and nerve endings of genital corpuscular type were observed in the papilla, and (3) the papilla might therefore be a sensery organ. Much later Hochstetter (1936) also stated that the nasopalatine nerves were quite conspicuous in the primary palate of human embryos and that they terminated in the papilla. Recently Hofer (1977) reported the presence of taste buds in the papilla of Nycticebus, a primate. These observations suggest that the papilla is densely innervated and that its pattern of innervation may differ from that of the secondary palate, especially in
Primates.
The innervation of the palate in general, including the hard palate, has been studied in various animals either by light microscopy (Botezat, 1901 (Botezat, , 1907 Kadanoff, 1927 ; Kawahara, 1951 ; Abe, 1954 ; Kamata, 1955 ; Sugimoto, 1956 Nomura, 1957 Eto, 1959 ; Vij and Kanagasuntheram, 1970 ; Kluger and Schumacher, 1970) or by electron microscopy (Andersen and Nafstad, 1968 ; Hashimoto, 1972 ; Hanker, Dixon and Moore, 1973 ; Akkerman, Bos and Jansen, 1976) . However, these observers ignored Merkel's paper, and the innervation of the papilla has received little attention since his day, though some studies have been recorded of the innervation of the nasopalatine duct of the cattle (Sugimoto, 1956) , the dog (Kadowaki, 1959) and the whale (Quay and Mitchell, 1971) .
In the present study the structure and innervation of the papilla incisiva of the shrew (Sorex unguiculatus) have been examined. The results confirm Merkel's original observations on the human papilla in certain main features.
One interesting finding, peculiar to the shrew, is that the main part of the papilla is located anterior to the incisors and thus exterior to the palate.
Materials and Methods
The animals were collected in Hokkaido, Japan, in July during the years 1975-1978. They were perfused with 2% glutaraldehyde in 0.1 M phosphate buffer through the left ventricle of the heart under ether anaesthesia.
For electron microscopy block of tissue taken anterior to the incisors were immersed in the aldehyde fixative for 2 hours, and then in 2% 0s04 in the phosphate buffer for a similar period. They were usually stained en bloc with uranyl acetate, dehydrated in ethanol and embedded in Araldite.
For light microscopy heads were taken from the perfused animals and preserved in 10% formalin.
The heads were then decalcified, dehydrated in ethanol and embedded in celloidin.
Serial sections were cut at 10 or 25 pm in thickness and stained with hematoxylin and eosin.
Results

General structure of the papilla incisiva
The main part of the papilla was located immediately anterior to the upper incisors. It could easily be demonstrated macroscopically on the ventral aspect of the snout before fixation (Fig. 1) . It was small, rhomboid process, elongated and pointed anteriorly but short and less prominent posteriorly ; the widest part of the rhomboid was thus more posterior.
Serial frontal sections of the snout allowed more detailed observation of the shape and structure of the papilla . It consisted of a papillary part proper and two epithelial processes, more anterior in position ( Fig. 6-8 ). However. the bases of these processes were, in the more posterior sections, epithelial thickening flanking the papilla proper (Fig. 5) . The epithelium belonging to these processes could be distinguished from the surrounding epithelium by its thickness and the lack of epithelial papillae projecting into the lamina propria. The anterior summit of the rhomboid, i.e. that of the papilla proper, showed as a pointed apex (Fig. 6) while the posterior summit, extending toward the palate through the diastema between the incisors as a small ridge, ended just anterior to the incisive canals and Jacobson's organ (Figs. 3. 4) The two grooves, one on each side of the papilla (sulci papillae palatinae of Hofer, 1977) , were continuous with the nasopalatine ducts into which Jacobson's organ opened (Fig. 3) .
The papilla proper consisted of epithelial and connective tissue (Figs. 5, 6, 9) . In the latter there was "core" (Bindegewebskern, Merkel, 1891) which occupied the main volume of connective tissue, especially at the posterior part of the rhomboid papilla (Figs. 5, 9 ). This core was a cylindrical body which tapered anteriorly as well as posteriorly ; it is almost completely round in cross sections through its middle region, but flattened dorsoventrally near its two opposite ends. The histological structure of the core was characterized by an abundance of anastomosing venules (Fig. 9 ). The interstitium of the core was more lightly stained than that of the surrounding connective tissue, suggesting the relative scarcity of connective tissue elements in the core.
The left and the right nasopalatine nerves (branches of pterygopalatine ganglia), each contained more than 200 myelinated nerve fibres, traversed the nasal septum to pass through the very narrow space between Jacobson's organs of the two sides. Here the two nerves were situated one above the other (Fig.  2 ). Immediately after entering the papilla the nerves divided into several smaller bundles, which were deep to the connective tissue core. The terminal branches were distributed to the epithelium and lamina propria between the epithelium and the core of the papilla.
Innervation of the papilla
At least five types of terminals were observed within the papilla by electron microscopy. These were 1) terminals with Merkel cells, 2) intra-epithelial free endings, 3) mammalian end organs, 4) endings like genital corpuscles and 5) nonmyelinated axons of variable diameter. The first two were in the epithelium and the others in the lamina propria.
Merkel cells, intra-epithelial free endings and mammalian endorgans were restricted to the anterior apical part of the papilla incisiva.
Here the papilla had a sharp edge ventrally (Fig. 6) , and from the epithelium many thin and elongated epithelial papillae extended into lamina propria (Figs. 6, 10) . Each epithelial papilla contained one to three Merkel cells with nerve terminals (Fig. 10) , and usually Merkel cells were arranged in a column in each epithelial papilla. In sections across the papilla usually one Merkel cell lay in the centre, surrounded. by epithelial cells and not directly contiguous with the basement membrane.
The epithelial papilla was like the 'Merkel rete papilla' described in the paw skin of racoons (Munger, Pubols and Pubols, 1971) , though each papilla in the shrew was so thin that its cross sectional profiles often consisted of only a few cells including one central Merkel cell. The free endings were observed in the epithelium overlying the epithelial papillae. They contained agranular vesicles of various sizes, granular vesicles, and often some mitochondria (Fig. 11) . Mammalian endorgans were located in the subepithelial regions of the lamina propria, between or subjacent to the epithelial papillae (Fig. 12) . The central axon was encapsuled by several cytoplasmic laminae each of which was surrounded by the basement membrane.
The terminology for this type of ending has varied ('mammalian end organ '-Loo and Kanagasuntheram, 1972, 1973 ; 'Krause end buld '-Spassova, 1973 ; 'simple encapsulated corpuscle with inner core ' -Halata, 1975) . Endings like genital corpuscles were observed in the proximal part of the papilla incisiva, but they were absent from the apical part of the papilla. They were observed relatively deep in the lamina propria subjacent to the epithelial processes described above (Fig.  9) . The axons were loosely surrounded by several cytoplasmic processes with numerous caveolae (Ffg. 13). These endings showed features typical of those previously described in mucocutaneous junctions ('genital end bulb, '-Patrizi and Munger, 1965 ; `mucocutaneous end organ, ' -Loo and Kanagasuntheram ,1973) .
Besides these identifiable types of end organ there were many nonmyelinated axons in the lamina propria.
Some of them were terminal parts of thick mye-* li nated axons and probably represented simple bulboid endings (Halata, 1975 ; 'connective tissue free endings '-Yohro , 1977) . Others were thin and more like those described in the rat auricula (Cauna, 1969) or in the human skin (Cauna, 1973) . Only these thin nonmyelinated axons were distributed throughout the superficial layers of the lamina propria of the paplla incisiva.
3. Fine structure of the connective tissue core The core was composed of blood vessels, fibroblasts, mast cells and connective tissue fibrils (Fig. 9) . Near the surface of the core elongated fibroblasts and collagen fibrils formed concentric layers, but cells in the core were irregular in shape and sparse collagen bundles ran in various directions. Venules, the diameter of which was less than 50 pm, occurred deep in the core and near its surface. They were usually surrounded by a loose, discontinuous layer of nonstriated muscle, and were occasionally accompanied by bundles of nonmyelinated axons. Except for these there were no terminals in the core. Arterioles were present, but arterio-venous anastomoses were not observed.
Many of the fibroblasts of the core contained many 100 A filaments in their cytoplasm (Fig. 14) . They were also surrounded by a layer of fibrils, mostly composed of microfibrils but also of occasional elastic fibers and collagen fibrils (Fig. 14) . Mast cells were frequent and often surrounded by a cytoplasmic process, probably derived from adjacent fibroblasts.
Discussion
The present study supports Merkel's observations on the human papilla and his suggestion that the papilla may have some specialized sensory function (Merkel, 1891) . His view is also applicable to the shrew. The apex of the papilla of the shrew must be highly sensitive to external stimuli. This is shown by its dense innervation, the restricted distribution of different types of terminal and the presence of specialized epithelial papillae.
The types of termenal observed in the papilla of the shrew have also been reported in the rhinarium of various mammals (Munger, 1965 ; Nafstad, 1971 Nafstad, , 1972 Halata, 1972a, b ; Loo and Kanagasuntheram, 1972, 1973 ; Spassova, 1973 ; Macintosh, 1975) ; and most of these terminals have been regarded as mechanoreceptors (see also Andres and von During, 1973 ; Halata, 1975.) Thus the function of the papilla of the shrew seems to be mainly mechanoreceptor, though the exact role of the papilla in the life of the shrew is as yet unknown.
The structure of the connective tissue core suggests that it is a type of cavernous tissue similar to that in the nasal septum or the concha (Bojsen-Moller and Fahrenkrug, 1971). It contains venules with non-striated muscle and nonmyelinated nerve fibres. Similar venules of larger size have been observed in the cavernous tissue of the human concha (KOrner, 1937 ; Temesrekasi,1969 ; Cauna and Cauna, 1975) . The presence of mast cells also shows that a vascular function is important in the core. When the papilla is cut by a razor blade, the core swells and projects from the cut surface. The occurrence of abundant 100 A filaments in the cytoplasm of fibroblasts, and also of a layer of connective tissue fibrils around these cells, may be due to mechanical stress caused by frequent changes in vascular volume in the papilla and by contact of the papilla with foreign bodies. The association of erectile bodies with mechanoreceptors in genital organs is familiar, and the papilla may be regarded as another example of such an association.
Hofer (1977), however, suggested a possible function of the veins and erectile bodies in closing the sulci papillae palatinae and the nasopalatine and vomeronasal ducts. The structure of papilla incisiva varied much among mammals, though recorded observations are few. The variations occur in macroscopic appearance (Retzius, 1906) , in the position of the papilla relative to the incisors, in structural components such as the connective tissue core, epithelial processes and cartilage (cartilago papillae palatinae, Starck, 1967) , and also in the types of nervous terminal observed in the papilla. In insectivores the papilla is anterior to the incisors of the shrew, between them in the hedgehog and posterior to them in the mole. Two epithelial processes are observed in the papillary region of the shrew, and in the hedgehog direct observation reveals an elongated process on each side of the papilla proper, extending anteriorly to reach the rhinarium (see also Retzius, 1906) .
In mole and pig embryos the papillary region consists of three prominences (Inouye, 1912 ; Peter, 1914) . A cartilago papillae palatinae has been described in several mammalian species (Broom, 1902 (Broom, , 1915 Christie-Linde, 1914) . Detailed comparative studies are perhaps necessary to constitute a generalized concept of the structure and function of the papilla in mammals.
Hofer (1977) made an interesting suggestion as to the possible functional relationship between the rhinarium, papilla incisiva and Jacobson's organ dependent upon their anatomical connexion through the labial cleft and sulcus papillae palatinae. It can also be pointed out that all these structures are derived from the medial nasal prominence.
The terminal nerve may also be included, since it is possibly sensory (Bojsen-114011er, 1976) . These sensory components of the medial nasal prominence are diverse, in contrast to the vibrissae which are the main sensory component of the maxillary and lateral nasal prominences (Yamakado and Yohro, 1979) .
Acknowledgement
The author is greatly obliged to Prof. R. Warwick, Guy's Hospital Medical School, for his critical reading of the manuscript. Demonstration of terminalis, olfactory, trigeminal and peri-vascular nerves in the rat nasal septum. J. comp. Neur. 159, 245-256, 1976 Figs. 2-8. Photomicrographs of serial sections to show the structure of the papillary region. Celloidin-embedded specimen. x 30. The appoximate level of each section is indicated in Fig. 1 , and the figures are numbered consecutively from posterior to anterior. E, epithelial process ; i, incisor ; L, tongue ; N, nasal cavity ; P, papilla incisiva ; S, nasal septum. The epithelial process (E) and the core (triangle) are indicated. 
